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ABSTRACT 
We propose a systematic approach for educative assessment 
of students’ performance in degree and diploma 
programming courses in universities and polytechnics. The 
assessment scheme is based on an extensive set of criteria 
and subcriteria, which are relevant from the authors’ point of 
view. The scales for these criteria are defined by means of 
concrete indicators. Using multiple criteria decision-making 
software (VISA), profiles of individuals and groups of 
students may be created and analysed. The approach allows 
for easy reconfiguration of the selected set of criteria and 
weighting factors. Grading and reporting that arise from 
such a comprehensive assessment are further enhanced 
through Excel compatibility.  
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1. INTRODUCTION 
Assessment schemes in programming courses in tertiary 
educational institutions involve various criteria and relative 
weighting factors. How to design, use, mark, and improve 
authentic performance assessments has always been a 
formidable task for educators. Various quantitative and 
qualitative criteria and yardsticks have traditionally been 
used to measure the results (output) of students’ 
 
 
 
 
 
 
 
assignments. The conversion of more or less objective and 
quantitative information (the value of various performance 
indicators in units) into qualitative data (grades and scores) 
is often influenced by subjective human judgement, since 
the evaluation system reflects the instructor’s preferences 
with regard to the importance of the various criteria and 
yardsticks (Korhonen, P.Talio, R., and Wallenius, J., 1998). 
Lootsma (1998), studying the assessment of academic 
research (a standard procedure which is systematically 
carried out under four evaluation criteria: the quality, the 
productivity, the relevance, and the viability of the project 
teams), finds the criteria used clearly qualitative in the sense 
that the performance of the project teams can only be 
expressed in vaguely defined verbal terms. The same author 
finds also that one of the most important and most 
controversial steps in Multi-Criteria Decision Analysis 
(MCDA) remains the conversion of quantitative information 
into qualitative data. In this paper we describe our system for 
assessment (evaluation) of students’ assignments in 
programming. It follows the usual stages of modeling a 
multiple criteria decision problem (Stewart and van den 
Honert, 1997): 
• Identifying the alternatives to be evaluated  
• Identifying criteria and structuring the value hierarchy 
• Determining the "relative importance" (“weighting”) of 
the selected criteria  
• Evaluating the performance of alternatives against the 
specified criteria  ( “scoring”) 
 
 
 
2. THE ASSESSMENT SCHEME 
2.1 Identifying the Criteria and Structuring the 
Value Hierarchy 
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We identified a set of criteria and subcriteria (indicators) 
relating to the expectations and yardsticks of students’ 
performance in programming assignments  (diploma and 
degree courses). It was important that the subcriteria 
(indicators) be systematically and comprehensively selected 
(Fig.1).  
       a) Criterion: Programme works to specification 
• recordset handling 
• user interface 
• resilience 
• data validation 
 
      b) Criterion: Programme is well structured 
• diagram and code match 
• use of subroutines and modules 
• use of functions 
• choice of decision constructs 
• choice of loop constructs 
 
       c) Criterion:  Programme is adequately tested 
• strategy 
• results 
 
       d) Criterion: Standards observed 
• meaningfulness of identifiers 
• indentation 
• spacing and general layout 
• comments 
 
       e) Criterion: Documentation 
• title page and list of contents 
• diagram 
• code listing 
• testing 
 
                                                               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                Figure 1: An example of the use of criteria and subcriteria (indicators)  
 
 
 
 
 
 
 
 
2.2 Determining the Relative Importance of 
the Specified Criteria (Weightings) 
 
The above hierarchy provides the basis for a systematic 
assessment (evaluation) of the students’ programming 
  Recordset 
  Handling 
      User 
   Interface 
 Resilience Data Validation 
 Programme works    
   to  specifications 
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assignments. We have additionally suggested scales for the 
criteria. Since not all subcriteria (indicators) are 
quantitative, the problem arises for their quantification 
using appropriate tools. One commonly used method is to 
use weighted sums to aggregate the subcriteria values, an 
option existing in VISA. 
 
2.3 Evaluating the Performance of 
Alternatives Against the Specified Criteria  
(Scoring) Using VISA* 
 
The field of multiple criteria analysis offers a number of 
approaches which take explicit account of multiple criteria 
in providing structure and support to the decision making 
process.  VISA is a software package to support this form 
of analysis.  Decisions are modeled using a hierarchical 
weighted value function.  An important and distinctive 
feature of VISA is its extensive facility for visual 
interactive sensitivity analysis, which enables 
decision-makers to explore the implications of changing or 
differing priorities and values. VISA helps you compare 
alternative strategies or options against multiple criteria.  
The name, VISA, which stands for Visual Interactive 
Sensitivity Analysis, reflects the principle design objective 
- to facilitate modeling and analysis in a way which is both 
visual and interactive, leading to improved understanding, 
better communication, and consequently, better considered 
decisions.  
VISA features include:  
• Draw / change the criteria hierarchy on screen 
using a mouse  
• No limit on the size or complexity of the criteria 
hierarchy or the number of options  
• Interactive input of weights and scores using bar  
 
 
charts or thermometer scales or numerical input  
• View criteria weights / option scores / option 
profiles at multiple levels of the hierarchy at the 
same time   
• Dragging a mouse to make changes to weights or 
scores  
• Immediately see the effects of any changes on all 
current displays, at all levels of the hierarchy  
• Sensitivity graphs show the effect on options of 
changing the weight of a selected criterion  
                                                          
* V*I*S*A design and copyright: Valerie Belton, Visual 
Thinking International Ltd. 
• Efficiency plots display the performance of all 
options on two selected  
• Non-linear relationships between measured 
scores and values  
• The ability to create snapshots of the model 
enabling to rapidly explore, and return to, several 
different scenarios  
• A facility to save customized screen layouts  
 
We have used the weighted sum of the indicators as a 
scale for each criterion within VISA. 
 
2.4 Creating student and group (class) 
profiles 
  
Using VISA and a predetermined set of criteria and 
subcriteria (indicators), it is easy to visualise the 
summative performance of each member of the group 
(student) and the group as a whole creating individual and 
group profiles. The profiles are an efficient and objective 
feedback for both the instructor and the students in the 
learning process. Students and groups with low scores on 
specific criteria (indicators) suggest where the educational 
efforts should be directed. Individual student and group 
performance can be compared  among different classes, 
different years, even different institutions as long as the 
uniformity of the set of criteria and the value hierarchy are 
the same. 
 
 
 
 
 
 
 
2.5 Evaluation and Sensitivity Analysis 
 
Sanchez and Triantaphyllou (1998) propose 
a methodology for performing a sensitivity analysis on the 
weights of the criteria in order to identify the most critical 
criteria. Their results suggest that often the criterion with 
the lowest weight might be the most critical criterion,  
while the criterion with the highest weight might be the 
least critical one. Johnson (1998) sets an assessment 
procedure, called Conditional Deterministic Sensitivity 
Analysis (CDSA) that can take into consideration the 
dependency of some input variables (criteria). Other 
authors have examined the weighting biases in value trees 
and have observed that attributes receive a higher weight if 
they are presented at an upper level in a value tree or are 
split into subattributes (subcriteria) 
   4 
 
3. CONCLUSION 
Educative assessment of students’ performance in 
programming courses is done on the basis of a selected set 
of criteria and subcriteria (indicators). The process is 
implemented by structuring the value hierarchy and 
determining the "relative importance" (“weighting”) of the 
selected criteria. VISA (Visual Interactive Sensitivity 
Analysis) software is used for evaluation and visualization 
the performance of alternatives against the specified 
criteria  (“scoring”). Profiles of students and groups are 
created. The method allows for easy reconfiguration and 
tuning of the assessment process by modifying the set of 
criteria and indicators and the weightings of the selected 
criteria. Existing methodologies for performing  sensitivity 
analysis on the weights of the criteria in view of identifying 
critical criteria may be applied. 
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